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Microwave Spectra of Molecules of Astrophysical Interest 
X. Isocyanic Acid 

G. Winnewisser and W. H .. Hocking 

Max-Planck-Institut for Radioastronomie, V-53 Bonn,Germany 

and 

Physikalisch-Chemisches Institut, Justus Liebig Universitat, D-63 Giessen, Germany 

and 

M. C. L Gerry 

Dept_ of Chemistry, U niversiiy of British Columbia, Vancouver, B.C., Canada 

The available data on the microwave spectrum of isocyanic acid are critically reviewed for infor
mation applicable to radio astronomy. Molecular data such as rotational constants, centrifugal distortion 
parameters, dipole moments, hyperfine coupling constants, and structural parameters are tabulated. 
Detailed centrifugal distortion calculations have been carried out for all isotopic forms oftbis molecule, 
in~luding DNCO. Transitions have been predicted for the parent molecule for the frequency range 
160 MHz-300 GHz. All predicted transitions include error limits. The quoted uncertainties represent 
one standard deviation. A 95 percent confidence limit is obtained by using approximately twice the 
calculated standard deviation. Estimated error limits for the measured transitions are discussed. 
References are given for all data included. 
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1. Introduction 

The present tables were prepared in response to the 
needs of the rapidly progressing field of molec~lar radio 
astronomy and are intended to update and revise the 
existing tabulated literature on molecules already iden
tifled 'in interstellar observations [IV The spectral in
formation reported includes predicted and observed 
transitions between 160 MHz and 300 GHz for five iso-

I Figures in brackets indicate literature references in section 1.4. 

topic species of isocyanic acid: H14N12C160. D14N12. 
CISO, H15N12 CHiO, H14N13C 160 and H14N12C180. The 
frequency predictions for H14N12C16 0 and D14N12C160 
are extensive and include transitions whose lower energy 
states are below 750 em -1 and 250 cm -1, respectively. 2 

For the remaining isotopic species transitions of par
ticular astrophysical interest are predicted. The deu
terated species has been included in these tables, since 
it is conceivable that interstellar deutero-isocyanic 
acid may be observable. 

CoPyright © 1976 by the U.S. Secretary of Commerce on behalf of the United States. This 
topyright will be assigned to the American Institute of Physics and the Am~rican Chemical 

Society, to whom all requests regarding reproduction shOUld be addressed. 
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% In keeping with the commonly accepted convention in molecular spectrQscoPY. the fun· 
damental frequencies and vibrational energies are frequently expressed in their wavenumber 
(cm-') eqUIvalent •. 
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It is felt that these limits are generous enough to 
allow. for_ the presentation of all transitions which might 
be observed by existing telescopes, or by those likely 
to be developed in the next several years. 

1.1. Molecular Parameter Tables 

The rotational constants and centrifugal distortion 
constants presented in tables 1,2, and 3 were obtained 
from a least-squares analysis of the observed spectral 
lines with a computer program which includes cen
trifugal distortion terms, in addition to the basic rigid 
asymmetric rotor energy matrix. The very high rota
tional energies and large centrifugal distortion made it 
necessary to include high order terms (up to the twelfth 
power) in the angular momentum in: the Hamiltonian. 
However, the small number of observable branches of 
isocyanic acid in the microwave and millimeter-wave 
regions meant that some low order distortion const<l:nts,' 
in particular DK and HK, were indeterminate. The Ao 
rotational constants given in tables 1 -3 are thus effec
tive constants which contain substantial contributions 
from the indeterminate distortion constants. All of the 
effective A ~ values were corrected for the largest dis
tortion term (DK - HK ) using the far infrared data [2]' 
before calculation of the moments of inertia (3]. Details 
of the centrifugal distortion calculation and the sta
tistical analysis used in this review have been discussed 
by Hocking, Gerry, and Winnewisser [3] as well as by 
Helminger, Cook, and de Lucia [4]. This formulation 

i; similar to those discussed by Kirchoff [5] and by Steen
beckeliers [6]. 'As poi~ted out in earlier parts of this 
series. it is necessary to retain more shmificant figures 
in the spectral constants than indicated by the statis
tical error limits, if the constants are to reproduce the 
observed spectra to within experimental error. 

1.2. Microwave Spectral Tables 

Tables 4 through 9 contain the results of the statis
tical analysis of the rotational spectrum of H14Nu.: CIGO, 
D14N12C160, H14N13C160, H15N12C160, and H14N12C180, 
respectively. For each spectral line in tables 4 and 5 the 
first column contains the upper state and lower state 

quantum number in the form JKaKc for a rigid asym
metric rotor plus the total angular momentum quantum 
number F=J+/t, J+l1 -1, ... , }-/h where II 
is the nuclear spin angular momentum quantum number 
for the 14N nucleus, with 11= 1. The quantum numbers 
are followed by the observed unsplit line frequency. 
The estimated experimental uncertainty is quoted in 
the footnote at the end of each table. The third column 
contains the calculated frequency and estimated uncer
tainty in MHz. The calculated uncertainties represent 

one standard deviation obtained from the least squares 
analysis. A 95 percent confidence limit on the predic
tions is obtained by using approximately twice (this 
varies slightly with the number of data included in the 
calculation) standard deviation of the calculated un-

J. Phys, Ckem. Ref. Di:lta, Vol. 5, No.1, 1916 

certainties. Underneath each rotational transition the 
F quantum numbers are given for all transitions whose 
total quadrupole splitting is larger than 50 kHz. Op
posite the F quantum numbers the calculated splittings' 
due to the nuclear electric quadrupole interaction are 
listed along with their estimated uncertainties in MHz. 
The calculated uncertainties represent one standard 
deviation. The actual transition frequencies can be' 
obtained by adding the hyperfine spliuings to the unsplit. 
frequency, and the estimated error of each is then the 
foot mean square of the individual estimated 
uncertainties. 

Tables 7 and 8 contain essentially only the meas
ured spectra of 13C, laN, and 18 0 .labelled isocy
anic acid together with the results of the statistical 
analysis and a selected number of predicted transitions. 
Further information is available from the authors on 
request. The line strengths for the unsplit rotational 
transitions are given in column 4. These line strengths, 
denoted by xS (JK&.Kc; J'k'Q.K'C) are defined in this re-
view as: -

where the superscript x refers to one of the principal 
axes of the molecule (x= a, b, or c); IMi'+-J" I is the 
dipole moment matrix element connecting the upper 
J ~~.K~and lower, J'~1J. K'C' rotational levels involved in 
lli~ lnmijitiun, and J.tx i15 the magnitude of the compo

nent of IL along the x-axis. Thus, the line strength as 
defined is independent of the absolute magnitude of 
thp. dipo1f~ moment. 

The total rotational energy of each rotational level 
was calculated using all distortion constants which 
were used in the analysis and quoted in tables 152, and 
3. These are given in col':lmns 5 and 6 in em -1, The 
estimated accuracy of the calculated values for the 
energy levels are not better than: for Ka= 0 about two 
decimal places, for Ka=2 about one decimal place, 
for Ka~3 abollt ±l cm- I , Ka =4 about ±3 cm- 1,.and 
for Ka = 5 about ± 7 em -1. No levels with K ~ 6 have 
been included, due to their general uncertainty, and they 

are also not likely to be observed astrophysically. 
Although the b-type transitions have been observed in 
the laboratory in the microwave and millimeter-wave 
regions, they are likely not to be detected astrophysi
cally, due to their very high J quantum numbers. For 
completeness, they have, however, been included in 
the tables. If any further information is needed on these 
transitions, the authors of this review possess the 
necessary programs. The laboratory measurements are 
taken from ref. [75], unless quoted differently in the 

last column. As a convenience to the user, the calcu
lated unsplit transition frequencies from table 4 for 
H14N12C160 have been listed according to increasing 
frequency in table 10. We have included in this table 
some low J high frequency b-type transitions. They may 



MICROWAVE SPECTRUM OF ISOCYANIC ACID 81 

become of interest for the developing field of far infra
red astronomy. 

1.3. list of Symbols and Conversion Factors 

a. Symbols 

H 
L 

" r 

a, b, c 

Rotational constants (MHz). A~B~C. 
Quartic centrifugal distortion con
stants. 
Sextic centrifugal distortion constants~ 
Octic centrifugal·distortion constants. 
Dectic centrifugal distortion constants. 
12th order cent~fugal distortion con
stants. 
Principal axes corresponding to A, 
B,C. 

J.L, Jk{x=a,b~ c) Dipole moment and components of the 
dipole moment along the principal axes. 
Nuclear electric quadrupole coupling 
con~tant along indicatp.d principal axiR 
(MHz). 

eqQaa, ... 

X~j 

r(X- Y) 

4 (X, Y, Z) 

la,b, c 

F 

J 

( ... ) 

Elements of the quadrupole coupling 
tensor (MHz). 
Distance between centers of mass of 
atom X and Y (A). 
Angle formed by atoms X, Y, and Z 
(degrees). 

.Moments of inertia of whole molecule 
with respect to the indicated principal 
axis. 
Total angular momentum quantum 
nt,ImJ)~r. 

Total rotational angular momentum 
quantum number. 
Projection of J on the symmetry axis 
in the limiting prolate symmetric top. 
Projection of J on the symmetry axis· 
in the limiting oblate symmetric top. 
Parentheses in th~ numerical listings 
contain measured or estimated uncer
tainties. These should be interpreted 
as: 1.532(30)= 1.532(0.030)= 1.532 ± 
0.030. 

b. Conversion Factors 

The following conversion factors have he en used: 

ABC (MH ) = 5.05375 X lOS 
" z.t, b, c(amuA2) 

1 cm-1= 29,979.2456 MHz. 
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2.. Isocyanic Acid Spectral Tables 

TABLE 1. Molecular l'arameters for Isocyanic Acid 

Rotational Constantsa 
(MHz) 

A 
0 

912 712.288 (136) 

B 11 071.01027 (62) 
0 

c 
0 

10 910.57748 (64) 

Ref. [75] 

-3 
D

J 
-3.516609 (3000) xlO 

DJK 0.93376 (64) 

oJ 7.30161 (890) xl0":'S 

RG -2.264 (230) xiO 
-S 

H
J 

HJK 1.569 (150) x10-6 

lk 3.32 (32) xl0-2 

LJK 

LKJ -3.315 (49)· x10 
-3 

-4 
SKJ 1.529 (29) x10 

-6 
TKJ -2.650 (54) x10 

DK-HK 
4990 (400) Ref. [68BJ 

Di~le Moment (Deble) Ref. [75] 

~a 1. 575±O.OO5 

~ 1. 35 ±0.10 

J. Phys. Chem. Ref. Data, Vol. 5, No.1, 1976 

TABLE 1. Molecular Parameters for Isocyanic Acid -.Continued 

Nitrogen QUadrupole Coupling Constants (MHz) 

Xbb 

~pc 

2.0527(10) 

-0.473(7) 

-1.583(7) 

I>k>ments of Inertia (amu &2) 

0.55070 

45.648499 

46.319730 

I~-~-I~ = 0.12053 

Structure 

r(N-H) 0.986 i; 

r.(N-C) = 1.209 i, 
r(C-O) = 1.166 R, 

~ (HNC) = 128.0
0 

.J (NCO) = 180
0 

Ref. [711 

Ref. [751 

Ref. [75J 

Ref. [751 

a The numbers in parenthesis are standard errors in units 

of the last significant figures. See section 1.3A for 

interpretation of these standard deviations. 
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TABLE 2. Molecular Parameters for Isocyanic Acid 

Rotational constants
a 

(MHz!.. 

B o 

c o 

510 971.6806 (400) 

10 313.71371 (63) 

10 079.67647 (65) 

Distortion constants
a 

(MHz) 

OJ 3.29278(240) x10- 3 

0Jl< 
-0.24510 (25) 

OJ 2.04319(360) x10-4 

R6 -3.66 (23) 
-5 

xl0 

H -2.398 (170) xI0 
-8 

J 

1.846 (230) 
-6 

HJK 
xlO 

-7.3431 (430) 
-3 

H1<.J x10 

L 
JK 

L1<.J 8.838 (290) x10 
-5 

S1<.J -9.60 (77) x10-7 

4.70 (70) 
-9 

T1<.J x10 

DK-H
K 

2700 (200) 

902 803.34 (82.50) 

"10 737.8611 (110) 

10 585.4961 (110) 

4.149 (260) 
-3 

xl0 

1.0559 (93) 

6.2971 (200) x10 
-5 

2.74 (59} xl0-6 

8.73 (1.90) x10 
-4 

3.74 (19) x10 
-2 

-8.99 (2.00) 
-5 

xl0 

-1.884 ("130) xlO- 3 

4990 (400) 

}fitroqen QUadrupole Coupling Constants
a 

(MBz) 

Xaa 2.1230(10) 

Xbb -0.510 (12) 

XCC -1.570 (12) 

Deuterium QUadrupole Coupling Constanta (JcBz) 

(2) 

Ref. [751 

Ref. [75] 

Ref. [68BJ 

Ref. [n.} 

!;lo£. [?5] 

Ref. [75] . 

Ref. [71] 

a. Tbe numbers in parenthesis are standard errors in units of the 

last signifiCant figures. 

TABLE 3. Molecular Parameters for Isocyanic Acid 

Rotational Constants
a 

(MHz) 

A 
o 

B o 

c 
o 

910 498.79 (l.2l) 

11 071.48157(26q) 

10 910.73242 (260) 

Distortion Constants
a 

(MHz) 

OJ 

DJK 

OJ 

R6 

lI
J 

BJK 

3.5387 (93) 

0.9293 (31) 

7.320 (30) 

-3.315 (1000) 

xlO-3 

xl0 
-5 

-5 
xl0 

HKJ 3.391 (130) xl0-
2 

LJl< 

LKJ -3.409 (190) 
-3 

xlO 

~KJ 1.55 (11) x10-4 

-2.64 (20) 
-6 

TKJ x10 

DK-l)c 4990 (400) 

912 623.326 (400) 

10 470.8950 (12) 

10 327.2418 (12) 

3.1588(55) x10-
3 

0.8196(11) 

6.1215 (93) x10-
5 

-7.638U.l00)X10-6 

2.653 (51) xlO-2 

7.991 (960) x10-6 

-2.252 (67) xl0-
3 

6.300 (250) xiO-
5 

4990 (400) 

Nitrogen Quadrupole Coupling Constants U4Jz) 

Xaa 2.067 (20) 2.060 (13) 

Xbb -0.402 (11) -0.472 (6) 

X -1.585 cc 
(11) -1.588 (8) 

Ref. [75] 

Ref. [751 

Ref. [68B) 

Ref. 1751 

a The numbers in parenthesis are standard errors in units of 

the last significant figures. 
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The Microwave Spectrum of g14N12C160 

co 
TABLE 4. (MHz) 

.!:It 

'I 
~ 
9 (1 ) (2 ) (3 ) (4 ) .. (6 ) 
CD a in cm- 1 Ref.

b 
~ Transition Observed Calculated + Line strength Energy levels 

~ J' K' K' J" K" K" Quadrupole shifts + Rel. Intensity a c a c (Est. uncert. c ) (standard dev.)d of Quadrupole compo upper state lower state 
5' 
1 ,0 1 0 0 0 21981.574(1) 1.000 0.733 0.0 
< 11"= 2 F " :::: l' 21981.47055 -0.103(1) 0.556 71 
~ 1 1 21982.08535 0.514(3) 0.3'33 71 
~ 0 1 21980.54533 -1.028(6) 0.111 71 
Z 
P 
~ 2 0 2 0 1 43963.042 (2) 2.000 2.200 0.733 

~ 
F'= 3 F"= 2 43963.000 -0.044(0) 0.467 

0-
2 1 43963.626 0.6.17 (3) 0.083 
2 43963.000 0.000(0) 0.250 
1 43962.007. -1.028 (6) 0.083 cE 1 0 43963.626 0.514(3) 0.111 Z 

Z 
2 1 1 0 44119.879(2) 1.500 32.3 3Q.81 m 

F'= 3 F"= 2 441.19.757 -0: 1.13. (1) 0.467 :IE 
Vi 2 2 44120.159 -0.039(2) 0.083 4A 

2 1 44120.390 0.514(3) 0.250 m 
!l 1 1 44119.903 -0.278(2) 0.083 
:J: 0 44118.967 -0.910(4) 0.111 0 
n 

2 2 1 43799.019(2) .1.500 32.3 30.81 ,.; 

Z F'= 3 F"= 2 43798.873 -0.137(1) 0.467 

.. " 2 2 43799.423 0' .• 372 (2) 0.083 
2 1 43799.533 0.514(3) 0.250 ;t>. 
1 1 -0.278(2) 0.083 Z 

C 
0 43798.360 -0.632(4) 0.1.11 

" m 
3 0 3 2 0 2 65944.301 65944.298(4) 3.000 4. 399 L •. 200 ~ 

~ FI= 4 F"= 3 -0.025 (0) 0.429 -< 
3 2 0.000(0) '0.296 
2 1 0.103(1) 0.200 

3 3 2 2 65698.308(3) 2.667 34.461 32.270 
F'= 4 F"= 3 65698.262 -0'.062 (0) 0.429 

2 1 6S698.262 -0.024(0) 0.200 
3 2 65698.439 0.129(1) 0.296 

3 2 2 1 66179.590(3) 2.667 34.49 32.29 
F'= 4 F"= 3 66179.531 -0.049(0) 0.429 

3 2 66179.729 0.129(1) 0.296 
2 1 66179.531 -0.079(0) 0.200 

3 2 2 2 2 1 65924.118(3) 1.667 122 .. 89 120.69 
F'= 4 F":::: 3 65294.015 -0.147(1) 0.429 



TABLE 4. Con tinued 

(1) ( 2) (3) (4 ) (5) (6) 

3 2 65924.679 0.514(3) 0.296 
2 1 65923.626 -0.514(3) 0.200 

3 2 2' 2 0 65924.199(3) 1.667 122.39 120.69 

F'= 4 'F"= 3 65924.J15 -0.147(1) 0.429 
3 2 65924.679 10.514 (3) 0.296 
2 1 65923.626 -0.514(3) 0.200 

4 0 4 3 0 3 87925.252 87925.2.38 (4) 4.000 7.332 4.399 
F'= 5 F"= 4 -0.016(0) 0.407 

4 3 0.000(0) 0.313 
3 2 0.044(0) 0.238 ~ 

n 
4 4 3 3 87597.·342 87597.333(3) 3.750 37.38 14·.46 ~ 

F'= 5 4 .... 0.035(0) 0.407 ~ 
4 3 0.051(0) 0.313 ~ 3 2 0.008(0) 0.238 m 

U') 

4 3 3 2 88239.036 88239.027(3) 3.750 37.44 34.49 ." m 
FI= 5 F"= 4 -0.026 (0) 0.407 !l 

4 3 0.051(0) 0.313 ~ c: 3 2 -0.016(0) 0.238 ~ 

4 2 3 3 2 2 87898.416(4) 3.000 125.83 12.2.89 0 
." 

pl= 5 p"= 4 87898.341 -0.075(0) 0.407 Vi 
4 3 87898.565 0.206 (1) 0.313 0 
3 2 87898.341 -0.147 (1) 0.238 Q 

» 
4 2 2 3 2 87898.620(4) 3.000 125.83 122.89 Z 

pl= 5 p"= 4 87898.565 -0.075(0) 0.407 n 
4 3 87898.840 0.206·(1 ) 0.313 1:; 
3 2 87898.565' -0.147(1) 0.238 6 

!-
." 4 3 2 3 3 87867.280(5) 1.750 268.65 265.71 :r 

4 3 1 3 3 0 87867.280(5) 1.750 268.65 265 .. 71 ';i 
n pl= 5 p'.,= 4 87867.132 -0.149(1) 0.407 
:r 4 3 87867.732 0.463(3) 0.313 fII 

~ 3 2 87866.892 -0.386(2) 0.238 
'" t\' ,. 

5 0 5 4 0 4 109905.758 109905.753(5) 5.000 10.998 7.332 c 
0 5 1 5 4 1 4 109496.D08 109496.007(4) 4,800 41.::>4 37.38 ii 5 1 4 4 1 3 110298.D80 110298.098(4) 4.800 41.12 37.43 < 5 2 4 4 2 3 109872.337 109872.366(5) 4.200 129.49 125.83 ~ 
,!II 5 2 3 4 2 2 109872.765 109872.773(5) 4:200 129.49 125.82 
Z F'= 6 pll= 5 -0.044(0) 0.393 
~ 5 4 0.103(1) 0.320 
~ 4 3 -0.059(0) 0.259 .. 

0) ..0 

'" ....., 
0-



!- TABLE 4. Continued CC) 

-a C» 
::r (1 ) (2) (3) (4) (5) (6) 
-< 
!II 5 3 3 4 2 109833.489(6) 3.200 272.31 268.65 
n 5 3 2 4 109833.489(6) 3.200 272.31 268.65 ::r 
(9 

FI= 6 F"= 5 109833.391 -0.085(0) 0.394 ;J 

'" 5 4 109833.737 +0.231 (1) 0.320 
~ 4 3 109833.391 -0.163(0) 0.259 
CJ 

,; 5 4 2 4 4 109778.7CO(7) 1.800 469.19 465.52 

:- 5 4 1 4 4 0 109778.7CO(7) 1.800 469.19 465.52 
:0- F I = 6 .F"= 5. 109778.542 -0.143(1) 0.394 
.!II 4 3 -0.3e8(2) 0.2'59 z 5 4 109779.12~ O. 4J.1 (2) 0.320 p 
:" 6 0 6 5 0 5 131885.740 (6) 6.000 15.398 10.~98 

~ 6 1 6 5 1 5 131394.241 (5) 5.833 45.42 41.04 
~ 6 1 5 5 4 132356.711 (5) 5.833 45.53 .41. j 2 0-

6 2 5 5 4 131845.880(5) 5.333 133.89 129.49 
6 2 4 5 3 1318.46: 590 (6 ) 5.333 .133.89 129.49 

== FI= 7 Ft'= 6 -0.028(0) 0.385 Z 
6 5 0.059 CO) 0.324 Z 
5 4 -0.028(0) 0.273 ~ 

3 4 5 3 131799.292 {7} 4.500 276.71 272 .• 31 
V; 

6 V\ 

6 3 3 5 2 131799.2S2(7) 4.500 276 .. 71 272.31 
m 
!G 

FI= 7 F"= 6 -0.054(0) 0.385 
X 

6 5 0.132(1) 0.324 0 
5 4 -0.Of3(0} 0.273 n 

ZS 
3 5 131733.534(7) 3.333 473.58 469.19 

Z 
6 4 4 !il 
6 4 2 5 131733.534(7) 3.333 473.58 469 .• j 9 

FI= 7 F"= 6 -0.Of9(0) 0.385 » 
Z 

6 5 0.235(1) 0.324 c 
5 4 -0.159 (1 ) 0.273 Q 

m 
741.47 737.07 

lJO 
6 5 2 5 1 131640.747(9) .1.833 ~ 
6 5 1 5 0 131640.747(9) 1.833 741.47 737.07 

FI= 7 F-·= 6 -0.135(1) 0.385 
6 5 0.367(2) 0.324 
5 4 -0.257(1) 0.273 

7 0 7 6 0 6 153865.08 153865.092(6) 7.000 20.530· 15.398 
7 1 7 6 6 153291.84 153291.946(6) 6.857 50.53' 45.~2 

7 1 6 6 5 154414.77 1 5441 4 . 7 76 (,6 ) 6.857 50.68 45.53 
7 2 6 6 5 153818.87 153818.8E9(6) 6.429 

FI= 8 F Q = 7 -0.Ol9(O} 0.378 
7 6 0.037(0) 0.327 
6 5 -0.015(0) 0.282 

7 2 5 6 4 153819.98 . .L53820.0C7(7) 6.429 139.02 133.89 
F I = 8 FI= 7 ,,:,0.019(0) 0.378 

7 6 0~037(0) 0.327 
6 5 -0.015(0) 0.282 



TABLE q. Continue a 

(1) (2) (3) . til) (.5) (6) 
7 3 6 3 4 153764.59 153764.606(8) 5.714 281.84 276.71 
7 3 4 6 3 3 153764.59 153764.606(8) 5.7.14 281.84 276.71 

F'= 8 F"= 7 -0.036(0) 0.378 
6 0.083(0) 0.327 

6 5 -0.047(0) 0.282 

7 4 6 4 3 153687.87 153687.873 (7) 4.714 478.71 473.58 
7 4 3 6 4 2 153687.87 153687.873 (7) 4.714 4 7 8'~ 71 473.58 

F'= 8 F"= 7 -0.060(0) 0.378 
? 6 0.147(1) 0.327 
6 5 -0.092(0) 0.282 

7 5 3 6 5 2 153579.62 153579.619(9) 3.429 746.59 741.46 
7 5 2 6 5 1 153579.62 153579.619(9) 3.429 746.59 741.46 ~ 

F '.= 8 F"= 7 153579.62 -0.090(0) 0.378 n 
'" 7 6 0.230(1) 0.327 0 

6 5 -0.150(1) 0.282 ~ 
~ 

8 0 8 7 0 7 175843.701 175843.703(7) 8.000 26.395 20.530 m 
8 1 8 7 1 -7 175189.041 175189.037 (8) 7.875 56.38 50.53 Con 

"'C'I 
8 1 7 7 1 6 176472.204 176472.199 (8) 7.875 56.57 50.68 m 
8 2 7 2 6 17579.1.267 175791.248(7) 7.500 144.88 139.02 !l 
8 2 6 7 2 5 175792.957 175792.954(8) 7.500 144.88 139.02 

., 
c: 

8 3 6 7 3 5 175729.350 175729.350(9) 6.875 287.70 281.84 ~ 
8 3 5 7- 3 4 175729.350 175729.350(9) 6.875 287.70 281.84 0 

F'= 9 F"= 8 -0.026(0) 0.373 "1"1 

8 7 0.055(0) 0.328 iii 
6 -0.029(0) 0.289 0 

n 
-< 

8 4 5 7 4 4 175641.671 175641.637 (8) 6.000 484.6 478.7 » 
Z 

8 4 4 7 4 3 175641.671 175641.637 (8) 6.000 484.6 478.7 n 
F'= 9 F"= 8 -0.042(0) 0.373 » 

8 7 0.098(1) 0.328 ·0 
!-

6 -0.058(0) 0.289 c 
~ 8 5 4 7 5 3 175517.910 175517.913(8) 4.875 752.4 746.6 ~ 
t"I 8 5 3 7 5 2 175517.910 175517.913(8) 4.875. 752.4 746.6 
~ F'= 9 F"= 8 -0.063(0) 0.373 CD 

~ 8 7 0.153(1) 0.328 

~ 6 -0.095(0) 0.289 

J 9 0 9 8 0 8 i97821.39 197821.469(7) 9.000 32·994 26.395 
9 1 9 8 1 8 197085.30 197085 • 424 ( 10) 8.889 62'.95 56.38 

: 9 1 8 8 1 7 198529.03 198528.892(10) 8~889 63.19 56.57 
r- 9 2 8 8 2 7 197762.90 197762.928(9) 8.556 151.48 144.88 
~ 9 2 8 2 6 197765.30 197765.366(10 8.556 151.48 144.88 z 
9 9 3 8 3 6 197693.45 197693.444(10 8.000 2.94.29 287.70 
:' 9 3 6 8 3 5 197693.45 197693.444(10 8.060 294.29 287.70 
:c 9 '4 6 8 4 5 197594.74 1 9 7 5 9 4 . 7 4 1 (9) 7.222 .. 191.2 484.6 co .... 9 4 5 8 4 4 197594.74 197594.741 (9) 7.222 

..., 
00 



~ TA.BLE 4. Continued OJ 
-0 

OJ 
:r-
~ (1) (21 (3 ) (4) (5 ) (6) 

n 10 0 10 9 0 9 219798.32 219798.282 (8) 10.000 40.325 32.994 :r-
CD 10 1 10 9 1 9 218981.17 218981,019 (12) 9.900 70.25 62.95 
~ 
:Ia 10 1 9 9 1 8 2~OS85.20 220584.762 (12) 9.900 ·70.55 63.19 

~ 10 2 9 9 2 8 219733.850 219733.824(11) 9.600 158.81 151.48 
~ 10 2 8 9 2 7 219737.193 219737.175 (13) 9.600 158.81 151.29 
Q 

:1 10 3 8 9 3 7 219656.71 219656.805(13) 9.100 301.62 294.29 

~ 
10 3· 7 9 3 6 219656.71 219656.805(13) 9.100 30.1.62 294.29 
10 4 7 9 4 6 219547.082 219547.105(11) 8.400 498.5 491.2 

,!II 10 4 6 9 4 5 239547.032 219547.105(11) 8.400 498.5 491.2 
Z 
~ 

~ 11 0 11 10 0 10 241774.037 (10) 11.000 48.390 40.326 
... 11 1 11 10 1 10 240875.735(16) 10.909 78.28 70.25 ..., 

11 10 10 1 9 242639.717 (16) 10.909 78.64 70.55 ..... 
0-

Il 2 10 10 2 9 241703.846(15) 10.636 166.87 158.81 
11 2 9 10 2 8 241 708. 3.1 5 (17) 10.636· 166.87 158.81 

~ 11 3 9 10 3 8 241619.351 (16) 10.182 309.68 301.62 
11 3 8 10 3 7 241619.353 (16) 10.182 309.68 301.62 Z 
11 4 8 10 4 7 241498.644(15) 9.545 506.5 498.5 Z 

m 
11 4 7 10 4 6 241498.644(15) 9.545 506.5 498.5 ~ 

iii 
263748.630(13) 57.188 48.390 

«A 
12 0 12 11 0 11 12.000 m 
i2 1 12 11 1 11 262769.484(20) 11.917 87.05 78.28 ZO 
12 11 11 1 10 264693.665(20) 11.917 87.47 78.64 ::J: 

12 2 11 11 2 10 263672.909(20) 11. 667 .175.67 166.87 0 
n 

12 2 10 11 2 9 263678.717(22) 11.667 175.67 166.87 ~ 

12 3 10 11 3 9 263581.003(21) 11. 250 318.47 309.68 Z 
12 3 9 11 3 8 263581.006 (21) 11 .250 318.47 309.68 s;, 
12 4 9 11 4 8 263449.276(20) 10.667 515.3 506.5 » 
12 4 8 11 4 7 263449.276(20) .10.667 515. 3 506.5 Z 

0 

13 0 13 12 0 12 285721.952 (17) .13.000 66.719 57.188 Gl 
m 

13 1 13 12 1 12 284662.177 (25) 12.923 96.55 87.05 ;Ia 
~ 

13 1 12 12 1 11 286746.5.15(25) 12.923 9.7.04 87.47 ..-( 

13 2 12 12 2 11 285640.924(26) 12.692 185 . .19 175.67 

1.3 2 11 12 2 10 285648.316(29) 12.692 185.20 175.67 

13 3 11 12 3 10 285541.677 (27) 12.308 328.00 318.47 

13 3 10 12 3 9 285541.681 (27) 12.308 328.00 .3.18.47 

13 4 10 12 4 9 285398.921 (27) 11.769 524.8 515.3 

13 4 9 12 4 8 285398.921 (27) 11.769 524..8 515.3 

0 160.432(0) 1.500 30.814 30.809· 

F t = 1 F"=' 0 -0.632(4) O. 111 
1 2 -0.419(2) 0.139 
1 1 -0.278(2) 0.083 
2 2 0.056(0) 0.417 
2 1 0.197(2) 0.139 
0 1 0.910(4) 0.111 

2 1 2 2 481.293(0) 0.833 32.286 32.270 
F'= 2 F"= 2 -0.278(2) 0.231 



TABLE 4. Continued 

(1) (2 ) ( 3) (4) ( 5) (6) 

3 3 0.079(1) 0.415 
0.278 (2) 0.150 

3 3 3 962.576(1) 0.583 34.493 34.461 
F'= FI!= 3 -0.278 (3) 0.280 

4 0.093(1) 0.402 
2 0.222(2) 0.212 

4 4 4 1604.270(1) 0.450 37.437 37.383 

F''''' 4 . FII= 4 -0.278(2) 0.301 
5 0.101 (1) 0.391 
3 0.198(1) 0.243 

~ 
5 4 5 5 2406.361(2) 0.367 41.116 41.035 n 

F'= 5 FOI::: 5 -0.278(2) 0.311 
,., 

6 6 0.107(1) 0.383 ~ 
4 4 0.185(1) 0.262 ~ m 

6 6 6 3368.830(2) 0.310 45.53i 45.418 CIt 

F'= 5 F"= 6 -0.278(2) 0.318 ." m 
7 7 0.111(1) 0.377 0 
5 5 0.177(1) 0.274 ,., 

C 

7 7 4491.659(3) 0.268 50.681 50.532 
~ 

7 6 0 F'= 7 F"= 7 -0.276 (2) 0.322 .., 
9 8 0.114(1) 0.37·2 C;; 
6 6 0.171(1) 0.283 0 

n 
8 7 8 8 5774.822(4) 0.2,36 56.568 56.375 ~ 

F'::: 8 F"= 8 -0.278 (2) 0.324 Z 

9 9 0.11.7(1) 0.368 
n 

7 7 0.167(1) 0.290 » n 
~ 6 
." 9 8 9 9 7218.291 (4) 0.211 63.190 62.949 

~ F'::: 9 F " = 9 -0.278(2) 0.3'26 

n ID 10 0.119(1) 0.365 
:r 8. 8 0.163(1) 0.295 CD 

~ 
:III 10 9 10 10 8822.034(5) 0.1'91 70.548 70.254 
~ F'= 11 FOI:;::: 11 8822.20 0.121(1) 0.362 
c:I 

10 10 8821.78 -0.278(2) Q 0.'327 
P 9 9 8822.20 0.161(1) 0.299 
< 
~ 

11 10 11 11 10586.015(5) .!-' 1 0.174 78.642 78.288 

Z F'= 12 F"= 12 1 05 86'.1 7 0.122(1) 0.360 
p 11 11 10585.76 -0.278(2) 0.328 
:' 10 10 10586.17 0.1590) 0.302 .... 
..0 

~ 12 11 12 12 1 2 5 1 0 .1 9.6 (6 ) O. '1'60 87.4.71 87.053 
~ 
CO 



!- ,'l'ABLE 4. continued co 
Q 

~ 
~ 
n 
::r • ~ (1 ) (2) (3) (4) (5) (6) ,., 

FI= 13 F" = 13 12510.35 0.12)(1) 0.358 
~ 12 12 12509.92 -0.278(2) 0.329 

J 11 11 1:2510.35 0.157(1) 0.305 

~ 13 12 13 1, 13 14594.535(6) 0.148 97.036 96.549 

,!II F'= 14 F"= 14 14?94.67 0.124(1) 0.356 

z 13 13 14594.25 -0.278(2) 0.330 
~ 12 12 14594.67 0.155(1) 0.307 
:' 
; 14 13 14 14 16838.985(6) 0.1'38 107.335 106.774 
c;! F'= 15 F"= 15 1 E839-. 12 0~125(1) 0.355 

14 14 1E838.71 -0.'278(2) 0.330 
13 13 16839.12 0.1'54(1) 0.309 ~ 

Z 
15 14 15 1 15 19243.496 (6) 0.129 118.372 117.730 Z 

F'= 16 F"= 16 19243.61 0.126 (1) O. 3'53 ~ 
15 15 19243.20 -0.278 (2) 0.331 Vi 
14 14 19243.61 0.153(1) 0.310 en 

m 
ZO 

16 15 16 1 16 21808.016(6) 0.121 130.143 129.416 % 
F'= 17 F"= 17 21808.16 0.127(1) 0.3'52 0 

n 
16 16 21807.75 -0.278 (2,) 0.331 ,.; 
15 15 21808.16 0.,152(1) 0.312 Z 

~ 
17 16 17 17 24532.487(6) 0.114 142.650 141.831 l> 

F'= 18 F"= 18 2453'2.62 0.128(1) 0.351 Z 
17 17 24532.20 -0.278(2) 0.331 a 
1·6 16 24532.62 0.151(1) 0.313 Ci) 

m ,., 
18 17 18 1 18 27416.848(6) 0.108 155.892 154.978 

,., 
-< 

F'= 19 FIt= 19 27417.00 0.128(1) 0.350 
18 18 27416.58 -0.278(2) 0.33'1 
17 17 27417.00 0.151(1) 0.314 

19 18 19 1 19 30461.036(7) 0.,103 169.870 168.854 
F'= 20 F"= 20 30461,.19 0.129(1) 0.3'50 

19 19 30460.77 -0.278(2) 0.332 
18 18 30461 .1 ~ 0.150 (1) 0.315 

20 19 20 1 20 33664.981 (9) 0.098 184.583 183.460 
F'= 21 F"= 21 33665.12 0.129(1) 0.3-4'9 

20 20 33664.70 -0.278(2) 0.3'32 
19 19 33665.12 0.1 i19 (1 ) 0.316 

21 20 21 1 21 37028.612(12) 0.093 200.031 198.795 
F'= 22 F ,'= 22 3 028.77 O. 130 ( 1 ) 0.348 

21 21 3028.34 -0.278 (2), 0.332 
20 20 3028.77 O. 149 (1 ), 0.317 
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TABLE 4. Continued 

(1) (2) (3 ) (4) (5 ) (6 ) 

29 29 30 0 30 207631.364 207631.365(12) 14.819 
30 30 31 0 31 183318.380 183318.365(10) 15.352 
31 1 31 32 0 32 158934.883(8) 15.88t 
32 1 32 33 0 33 134481.571 {7} 16.42~ 

33 1 33 34 0 34 109959.087 109959.100{6) 16.961 
34 1 34 35 0 35 85369.134 85368.158{6) 17.50~ 

35 1 35 36 0 36 60709.448(6) 18.046 
F'= 36 F":::: 37 60709.339 -0.063(0) . 0.342 

35 36 60709.597 +0.131 (1 ) 0.333 
34 35 60709.399 -0.069(1) 0.324 

36 36 37 0 ~7 35983.71 35983.693(6) 18.592 
37 37 38 0 38 11191.64 11191.630(7) 19.140 
39 0 39 38 1 38 13666.02 13665.987(7) 19.691 
40 0 40 39 ~9 38588.382(7) 20~245 
41 0 41 40 40 63574.773{6) 

FI= 42 F n = 41 63574.810 0.062(0) 0.342 
41 40 63574.618 -0. 130 (1) 0~333 
40 39 63574.810 0.068(1) 0.325 

42 0 42 41 41 88624.372 88624.352{6) 
43 0 43 42 42 113736.305 113736.298(7) 
44 0 44 43 43 138909.751 138909.772(8) 
45 0 45 44 44 164143.924(10) 
46 0 46 45 45 189437.889 189437.882(13) 
47 0 47 46 -~6 214790.736 214790.761(18) 

a The estimated accuracy of the height of the energy levels are as follows: for K = 0 about 2 decimal places; for 
-1 

a 
-1 -1 K = 1 , K == 2 about 1 decimal ptacei for Ka = 3 about ± 1 em i, for K 4 about ± 3 em ; for K 5 about ± 7 em. 

a a a a 

b If there is no entry under Ref~rences, then the data are taken from Ref. (75) . 

c The estimated experimental uncertainty in the measured transitions are: for the microwave tranSitions quoted to iwo 

decimal places 5 ± 0.100 MHz, for millimeter wave transitions above 37 GHz quoted to two decimal places < ± 0.150 MHz, 

~and for those quoted to three decimal places < ± 0.030 MHz. 
,r.II 

~ 
;'" 

o 
~ 

d Note that one standard deviation is p~esented fo~ the ca culated-uncertainty. These values should be multiplied by a factor of 2 to obtain 

~ 95% confidence I~vel. 

I n 
;III 

~ 
~ 
m 
t.n 
." m 
!l ,., 
c: 
~ 
0 
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CD 
!- N ... TABLE 5 . The Microwave Spectrum .of Isocyanic Ac·id-d. (MHz; (D14·N12C160) 
:r 
~ 
n (1 ) (2 ) (3) (4) (·5)' 

-1 
(6) b ::r 

Ehergy levels
a 

in cm II 
Transition Observed Calcuiated·+ Line Strength Ref. 

~ 
J' K' K' J" Kit Kit Quadrupole shifts + Rei. Intensity upper lower 

lID 
(Est. Uncert. c) l'- a· c a. c 

(standp,rd dev.;d of Quadrupole comp. state state 
0 
D ; 0 1 0 0 0 20393.377(1) 1.000 0.680 O. O· 

~ 
F''''' 2 F"= 1 20393.30 -0.106 (1) 0,556 

1 20393.91 0.528(4) 0.333 
,!II 0 1 20392.40 -1.055(9) 0.111 
z 
P 

2 0 2 1 0 1 40786.593(2) 2.000 2.041 0.680 :'" - F'= 3 FIt= 2 40786.568 -0.045(0) 0.467 
-0 2 2 40787.199 0.633(5) 0.083 .... 
0- 2 1 40786.568 0.000 (0) 0.250 

1 1 40785.534 -1.055(9) 0.083 =: 
1 0 40787.199 0.527(4) O .. 111 Z 

Z 
2 1 1 0 41021.658(2) 1.500 18.757 17.388 m =: F'·"" 3 F"= 2 41021.524 -0.117(1) 0.467 iii 2 2 41021.918 0.056(3) 0.083 en 

m 2 1 41022.186 0.528(4) 0.250 !G 1 .1 410.21 • 704 0.25e(4) 0.083 
::t: 1 0 41020.699 -0.920(7) 0.111 0 
n 

2 2 1 1 405.53.596 (2) 1.500 18.733 17.380 ~ 

Z F'= 3 F"= 2 40553.456 -0.139.(1) 0.467 $A) 2 2 40553.971 0.366(3) 0.083 
2 1 40554.144 0.528(4) 0.250 » 

Z 1 1 -0.258 (4). 0.083 I:' 
1 0 40552.917 -0.662 (7) O. ill 

Ci) 
m 

3 0 3 2 0 2 61179.505 61179.488(3) 2.· 9.99. 4.081 2.041 ;0 
;0 

3 1 "3 2 1 2 60830.158(3) 2.667 20,762 18.733 ~ 
F'= 4 F"= 3 60830.09.-7 -0.063(0) 0.429 

3 2 60830.291 0.132 (.1 ) 0.296 
2 1 60830.097 -0.027 (1) 0.200 

3 2 2 1 1 61532.22.6 (3) 2.667 20.809 18.757 
F'= 4 F"= 3 61532.156 -0.050(0) 0.429 

3 2 61532.360 0.132 (1) 0.296 
2 1 61532.156 -0.079. (1) 0.200 

3 2 2 2 2 1 61185.030(2) 1.667 69.91 67.87 
F'= 4 F"= 3 61184.850 -0.151 (1) 0.429 

3 2 61185.547 0.528(4) 0.296 
2 1 61184.479 -0.528(4) 0.200 

3 2 2 2 0 61185.351 (2) 1.667 69.91 67.87 



TABLE 5. Conti:1ued 

( 1 ) ( 2) (3 ) (4) (5 ) (6 ) 

F'= 4 'FIt: 3 61185.188 0.151(1) 0.429 

3 2 61185.869 0.527(4J 0.296 
2 1 61184.850 -0.528(4) 0.200 

4' 0 4 0 3 81571.913 81571.899(4) 3.998 6.802 4.061 

4 1 4 1 3 81106.420 81106.436(3) 3.750 23.468 20.7£2 

4 1 3 1 2 82042.469 82042.480 (3) 2.750 23.546 20.809 

4 2 3 2 2 81579.612(2) 3.000 72.63 69.91 

F'= 5 F"= 4 81579.486 -0.077 (1) 0.407 
4 3 81579.812 0.211 (2) 0.~13 

3 2 81579.486 -0.151 (1) 0.238 

4 2 2 2 81580.415(3) 3.000 72.63 69.91 3: 
F C = 5 F H = 4 81580.283 -0.077(1) 0.407 n 

4 3 81580.614 0.211 (2) 0.313 
:10 
0 

3 2 81580.283 -0.151 (l) 0.238 =E 

4 3 2 3 81586.243 (4) 1.750 152.03 149.31 ~ 
m 

4 3 1 3 0 81586.243(4) 1.750 152.03 149.31 CIt 

F C : 5 F"= 4 81586.072 -0.153'(1) 0.407 "V m 

4 3 81586.686 0.475(4) 0.·313 !l 
3 2 81585.810 .... 0.396 (3) 0.238 lIU c: 

~ 
5 0 5 4: 0 4 101963.694 101963.666(5) 5.000 10.204 6~802 0 
5 1 5 1 4 101382.342 101382.335 (4) 4.800 26.849 23.467 " 
5 1 4 1 3 102552.335 102552.317 (4) 4.800 26.966 23.546 iii 
5 2 4 4 2 3 101973.809 101973.828(3} 4.200 76.04 72.635 0 

5 2 3 4 2 2 101975.407 101975.433(3) 4.200 76.u4 72.635 n 
-< 

5 3 2 3 1 101982.290(5) 3.200 155.43 152.03 » 
FI= 6 FII= 5 101982.155 -0.087(1) 0.394 

Z 
n 

5 4 101982.508 0.237{2) 0.320 
4 3 101982.155 -0.167 (1) 0.259 » 

n 
6 

5 4 2 4 4 1 101988.960 (7) 1.800 264.·61 261.21 

5 4 1 4 0 101988.960 (7) 1.800 264.61 261.2: 

FI= 6 FI!= 5 101988.742 ..... 0.14'7 (1) 0.394 
5 4 101989.369 0.422(3) 0.'320 

4 3 -0.317(3) 0.259 

6 0 6 0 5 122354.625 122.354.626 (5) 6,000 14.285 10.204 

6 1 6 1 5 121657.768 121657.761 C4) 5.833 30.907 26.849 

6 1 5 1 4 123061.621 123061.63.1 (4) 5.833 31.071 26.966 

6 2 5 2 4 122367.567 122367.584 (4) 5.333 80.12 76.04 

6 2 4 2 3 122370.387 122370.393 (4) 5.333 80.12 76.04 

6 3 4 3 3 122377.988 1 2 2 3 7 7 . 9 9.5 (5 ) 4.500 159~51 155.43 

6 3 3 3 2 122377.988 122377.995 (5) 4.500 159 .• 51 155.43 
FI= 7 FIt= 6 -0.055(D) 0.3'85 

6 5 0.136(1) 0.324 
5 4 ~0.085(1) 0.273 CD eo:. 



'- ' , TABLE 5. Continued co 
~ 

"V 
:T 

(5) ~ ( 1 ) (2 ) (3 ) (4 ) 

n 
6 4 3 5 4 2 122385.949(7) 3.333 268.,69 264.61 r 

~ 6 4 2 5 4 1 122385.949(7) 3.333 268.69 264.61 
lID F J = 7 F"= 6 122385.856 -0.092 (1) 0.385 
;t. 6 5 1 22,3 8 6 . 2 5 1 0.241 (2) 0.324 
0 

S 4 122385.856 -0.163(1) 0.273 1 
< 7 0 7 6 0 6 142744.6:9 142744.622(6) 7.000 19.046 14.285 
~ 
~ 7 1 7 6 1 6 141932.599 141932.620(4) 6.857 35.642 30.907 

Z 7 1 6 6 5 143570.300 143570.318(4) 6.857 35.860 31.071 
p 7 2 6 6 2 5 142760.781 142760.791(5) 6.429 84.88 80.118 
~ 7 2 5 6 2 4 142765.263 142765.285(5) 6.429 84.88 80.118 
; 7 3 5 6 3 4 142773.280 142773.290(6) 5.714 164.27 159.51 
~ 7 3 4 6 3 3 142773.280 142773.292(6) 5.714 164.27 159.51 

7 4 4 6 4 3 142782.475 142782.502(8) 4.714 273.45 268.69 
7 4 3 6 4 2 142782.475 142782.502(8) 4.714 273.45 268.69 =e 

Z 
8 0 8 7 0 7 163133.522 163133.489(6) 8.000 24.488 19.046 Z 

8 1 8 7 1 7 162206.809 162206.817(4) 7.875 41.052 35~642 ~ 
8 7 7 1 6 164078.251 164078.274(4) 7.875 41.333 35.860 V; 

CIt 

8 2 7 7 2 6 163153.355(6) 7.500 90.32 84.88 m 

8 2 6 7 2 5 163160.093(7) 7.500 90.32 84.88 !G 

8 3 6 7 3 5 163168.149 1631 68 . 103 ( 7 ) 6.875 169.72 164.27 :J: 
0 

8 3 5 7 3 4 163168.149 163168.107(7) 6.875 169.72 164.27 n 
8 4 5 7 4 4 163178.543(9) 6.000 278.90 273.45 2S 

Z 
8 4 4 7 4 3 163178.543(9) 6.000 278.90 273.45 ... Q 

» 
Z 

9 0 9 8 0 8 183521.086 183521.069(6) 9.000 30.609 24.488 c 
9 1 9 8 1 8 182480.240 182480.256(4) 8.889 47.139 41.052 Q 
9 1 8 8 1 7 184585.370 184585.392(4) 8.889 47.491 41.333 m 

;Ia 

9 2 8 8 2 7 183545.171 183545.186(8) 8.559 96.44 90.32 ~ 
9 2 7 8 2 6 183554.791 183554.809(9) 8.559 96.45 90.32 
9 3 7 8 3 6 183562.372 183562.367(8) 8.000 175.84 '169.72 
9 3 6 8 3 5 183562.372 183562.374(8) 8.000 175.84 169.72 
9 4 6 8 4 5 183574.022 183574.000(10) 7.222 285.02 278.90 
9 4 5 8 4 4 183574.022 183574.000 ( 10) 7.222 285.02 278.90 

10 0 10 9 0 9 203907.209 203907.,199 (6) 10.000 37.411 30.609 
10 1 10 9 1 9 202752.842 202752.843(5) 9.900 53.902 47.139 
10 1 9 9 1 8 205091.551 205091.568(5) 9.900 54.331 47.491 
10 2 9 9 2 8 203936.2:8 203936.189(11) 9.600 103.25 96.44 
10. 2 8 9 2 7 203949.419(12) 9.600 103.24 96.45 
10 3 8 9 3 7 203956.028 203956.012(9) 9.100 182.64 175.84 
10 3 7 9 3 6 203956.028 203956.025(9) 9.100 182.64 175.84 
10 4 7 9 4 6 203968.799(11) 8.400 291.82 285.02 
10 4 6 9 4 5 203968.799(11) 8.400 291.82 285.02 

11 0 11 10 0 10 224291.760 224291.719(6) 11.000 44.893 37.411 



TABLE 5. Continued 
(1) ( 2) (3 ) (4) (5 ) (6) 

11 11 10 1 10 223024.484(6) 10.909 61.342 53.902 
11 10 10 9 225596.697(6) 10.909 61:857 54.331 
11 2 10 10 2 9 224326.267 224326.273 (14) 10.636 110.73 103.25 
11 2 9 10 2 E 224343.934 224343.909(16} 10.636 110.73 103.24 
11 3 9 10 3 8 224349.026 224348.969 (11) 10.182 190.13 182.64 
11 3 8 10 3. 7 224349.026 224348.990(11) 10.182 190.13 18·2.64 
11 4 8 10 4 7 224362.883 224362.866 (14) 9.545 299.31 291.82 
11 4 7 10 4 6 224362.846 224362.866(16) 9.545 299.31 291.82 

12 0 12 11 0 11 244674.487 244674.468(6) 12.0.0.0 53.054 44.E92 
12 1 12 11 1 11 243295.122 243299.083 (E) 11.917 69.457 61 • 342 
12 1 11 11 1 Ie 246100.655 246100.672(8) 11.917 70.066 61.857 
12 2 11 11 2 10 244715.460. 244715.346(18) 11. 667 118.89 110..73 
12 2 10. 11 2 9 244738.382 244738.265(21) 11.667 118.90 110../3 ~ ·12 3 10 11 3 9 244741.168 (14) 11.250 198.29 190.. 13 n 
12 3 9 11 3 8 244741.201 (14) 11.250. 19.8.29 190.. 13 ;IIJ 

12 4 9 11 4 8 244756.128 (17) 10.667 30.7.47 299.31 ~ 12 4 8 11 4 7 244756.128 (17) 10..667 307.47 299.31 ~ m 
13 0 13 12 0. 12 2650.55.285(E} . 13.000 61.895 53.054 c.n 
13 1 13 12 1 12 263564.546 (11) 12.923 78.249 69.457 ." m 
13 1 12 12 1 11 26660.3.390 (10.) 12.923 78.959 70..066 !l 
1'3 2 12 12 2 11 26510.3.316 (23) 12.692 127.74 118.89 ;IIJ 

C 
13 3 11 12 3 1e 265132.539(17) 12.30.8 20.7.13 198.29 ~ 
13 3 10 12 3 9 265132.588(17) 12.308 20.7.13 198.29 0 
13 4 10 12 4 9 265148.509(22) 11.769 316.32 307.1.7 -n 
13 4 9 12 4 8 265148.510(22) 11.769 316.32 30.7.1:7 in 
13 2 j1. 12 2 10 265132.477(26) 12.692 127.74 118 •. 90. 0 

1 1 0. 1 1 1 234.035 (0) 1.500 17.39 17.39 Q 
l> F'~ 1 F"= e -0..662 (7) 0..111 Z 

1 2 -0..420.(3) 0..139 n 
1 1 -0..258(4) 0..0.83 l> 
2 2 0.052(1) 0..417 n 

!- 2 1 0..213(4) 0..139 5 
1- 0. 
~ 

1 0..920.(7) 0.111 

n 2 1 1 2 1 2 70.2.097(1) 0.833 18.76 18.73 :r 
CD F'~ 2 F"= 2 -0..258(4) 0.231 ii 
:III 3 3 0.0.74(1) 0..415 
~ 1 1 0..258(4) 0..150 
~ 
g 

1 3 2 3 1 3 1404.165(2) 0..583 20..81 20..76 
< F'= 3 F"= 3 -0..258 (4) 0..280 
~ 4 4 0..086 (1) 0.402 ColI .. 2 2 0..20.6 (4) 0..212 z 
~ 

:'" 4 3 4 ). 4 2340.208(3) 0.450 23.55 23.47 - Fa::: 4 FI1= 4 -0.258(4) 0..301 -0 ..., 
5 5 0.094(2\ CO 

0- 0.39' (II 



!- TABLE 5. Continued <0 
m 

"'Ill ( 1 ) (2 ) (3 ) (4) (5 ) (6 ) :r 
~ 3 3 0.184(3), 0.243 
n 
::r 
CD 

5 4 5 5 3510.190(4) 0.367 26.97 26.85 ~ 
lilt pl= 5 p"= 5 -0.258(4) 0.311 
11 6 6 0.099(2) 0.383 
0 4 4 0.172(3) 0.26: G 
J; 

~ 6 1 5 6 1 6 4914.060(5) 0.310 31. 07 30.91 

CII 
pl= 6 p"= 6 -0.258(4) 0.318 .. 7 7 0.103(2) 0.377 z 

9 5 5 0.164(3) 0.274 
~ - 7 6 7 7 6551.758(7) 0.268 35.86 35.64 -0 
;;! pl= '7 pl!= 7 ':'0.258(4) 0.322 

8 8 0.106(2) 0.372 
:E 6 6 0.159(3) 0.283 
Z 

8 1 8 8423.215(8) 0.236 41.333 41.052 Z .8 7 m 
pl= 9 p"= 9 8423.34 0.109(2) 0.368 :e 

8 8 8422.96 -0.258(4) 0.324 en 
'" 7 7 8423.34 0.154(3) 0.290 m 
!O 

9 8 9 1 9 10528.351 (9) 0.21t 47.491 47.139 :::t 
0 

pl= 10 FI!= 10 10528.48 0.111(2) 0.365 n 
=-= 9 9 10528.11 -0.258(4) 0.326 Z 

8 8 1.0528. ~ 8 0.152(3) 0.293 ... (i) 

10 9 10 1 10 12867.076(9) 0.191 54.332 53.902 » 
Z 

pl= 11 pit = '11 12867.j9 0.112(2) 0.362 c 
10 10 12866.80 -0.258(4) 0.327 (i) 

9 9 12867.19 0.149(3) 0.299 m ::v 
::v 
-t. 

11 10 11 1 11 15439.289(9) 0.174 61.857 61.342 
F ,= 12 P"= 12 15439.41 0.113(2) 0.360 

11 11 15439.03 -0.258(4) 0.328 
10 10 15439.41 0.147(3) 0.302 

12 11 12 1 12 18244.878(9) 0.160 70.066 69.457 
F' = 13 P"= 13 18245.02 0.115(2) 0.358 

12 12 18244~60 -0.258(4) 0.329 
11 11 18245.02 0.146(2) 0.305 

13 12 13 1 13 2 1 :r8 3 . 7 2 2 (8 ) o. 143 78.959 78.249 
pi = 14 F"=' 14 21283.85 0 . .116(2) 0.356 

13 13 21283.47 -0.258(4) 0.3'30 
12 12 21283.85 0.144(2) 0.307 

14 13 14 14 24555.687(9) O. 133 88.535 87.716 
F'= 15 F"= 15 24555.85 0.116(2) 0.355 



14 
13 

15 14 
FI= 16 

15 
14 

16 15 

13 
14 
15 
16 
1 7 
18 
19 
20 
21 
22 
24 
25 
26 
27 
28 
29 
30 
31 
32 

FI= 17 
16 
15 

13 
14 
15 
16 

1 17 
1 18 
1 19 
1 20 

21 
22 

o 24 
o 25 
o 26 
o 27 
o 28 
o 29 
o 30 
o 31 
o 32 

(1) 

14 
13 

15 1 15 
FIr= 16 

15 
14 

16 1 16 
F"= 17 

16 
15 

o 14 
o 15 
o 16 
o 17 
o 18 
o 19 
o 20 
o 21 
o 22 
o 23 
1 23 
1 24 
1 25 
1 2E? 

(2 ) 

24555.42 
24555.85 

28060.77 
28060.39 
28060.77 

31798.52 
31798.15 
31798.52 

204827.236 
182849.512 

138573.857 
116278.174 

93879.120 

26074.49 

19619.58 

88864.56 

182429.187 
206028.254 

TABLE 5. Cnntinued 

(3 ) 

-0.258(4) 
0.143(2) 

28060.627(11) 
0.117(2) 

-0.258(4) 
0..142(2) 

3l798.387(17} 
0.118(2) 

-0.258(4) 
0.141(2) 

204827.248(14) 
182849.547(12) 
160764.694(11) 
133573.843 (10) 
116278.212 (9) 

93879.084(10) 
7t377.807(IC) 
43775.793 (11) 
26074.517(12} 

3275 . 5 20 ( 1 4 ) 
19619.597 (15) 
42609.168(16) 
65691.469(17) 
83864.708(17) 

(4) 

0.330 
0.30'9 

0.129 
0.353 
0.331 
0.310 

0.121 
0.352 
0.331 
0.312 

6.591 
7. 112 
7.635 
8.160 
8.68'9 
9.221 
9.757 

(5 ) (6) 

98.796 9i.860 

109.740 108.680 

!- 33 
;! 

o 33 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

27 
28 
29 
30 
31 
32 

11 2 1 2 7 .0 39 ( 1 6 ) 
135476.553(15) 
153911.284(14) 
182429.206(14) 
205028.237(17) 
2 2 :I 706 . 2 40 ( 2 5 ) 

·10.296 
10.839 
11. 386 
11.937 
12.493 
13.053 
13.617 
14.186 
14.760 
15.339 
15.924 
16.514 
17.109 

~ 

l 
~ 
:-
:to. 

i 
~ :-
~1II 

~ 
--... 
~ 

a The estimated accuracy of the height of the energy levels are as follows: 

k = 1, K = 2 about 1 decimal place;' for K = 3 about ± 1 cm- 1 ; for K 
a a a a 

for K = 0 about 2 decimal places; for 
a. -1 

4 about ± 3 cm ; for Ka 5 about ± 7 

b If there is no entry under References, then :.he data are taken from Ref. (75). 

-1 
cm 

c 
The estimated experimental uncertainty in the measured transitions are: for tne microwave transitions qu~ted to two 

·decimal places ~ ± 0.100 MHz, for millimeter wave transitions above 37 GHz quoted to two decimal places < ± 0.150 ~z, 

and for those quoted to ~hree decimal places < ± 0.030 MHz. 

d Note that one standard deviation is presented for the calculated uncertainty . 
~ 95% confidence level. 

These values should be ~ultiplied by a factor of 2 to obtain 

~ 
n 
:lID 

~ 
~ m 
U) 
." m 
!l 
:lID 
C 
~ 

-~ 
iii o n 
-< 
l> 
Z 
n 
~ 
6 

CD ..... 
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TABLE 6.. Molecular Beam Measurements on 

Transition 

F' 
N 

o 

eqQD_N 345 (2) 1<.Hz 

F' 
D 

Frequency (kHz) 

20 392314.60(50) 

20 393270.18'(50) 

20 393281.93 (50) 

20 393901.83 (50) 

20 393909,20(50) 

20 393921.63(50) 

Ref .. 

71 

71 

71 

71 

71 

71 

eqQ(1
01

) 2123.0 (1.0) 1<.Hz 

71 

71 

TABLE 7. The Microwave Spectrum of Isocyanic Acid 
H14 N13 C160 (MHz)c 

(1) 

Transition 
J' lC~ K~ J" K; K~ 

1 0 1 0 0 0 

o 
3 1 
3 1 2 
3 2 2 
3 2 1 

4 2 
3 
3 

o 
1 
1 
2 
2 

5 3 

o 6 
1 'S 

6 1 

o 8 
8 
7 

2 b 

3 

4 
9 5 

10 0 10 
10 10 
10 .9 

o 
1 
1 0 

1 
2 1 
2 0 

3 
3 
2 

2 2 

3 0 

o 
1 

4 1 
,4 2 
4 2 
4 3 

1 5 
2 
2 
3 

7 0 7 
7 1 
7 1 
7 2 5 

7 3 
7 
7 
8 
a 
8 1 
A 1 

2 
3 
4 
5 

9 0 9 

11 
11 
11 

11 10 
11 10 
10 

10 
10 

10 1 9 

1 1 0 1 1 1 
F'= F"= 0 

2 

2 1 2 1 
F'I:I' F"= 2 

1 2 3 1 
F'= 3 F"= 

4 1 4 1 
F'::: F"::; 

3 
1 

5 I 4 5 1 5 
F f = 5 F"= 5 

(Z) 

Observed 

~:::~t. a) 

21!)O2: ~ 00 

21982.70 
21981.15 

87927.64 
87599.12 
88242.23 

109908.95 
109498.34 
110301. 98 
109875.73 
109876.08 
109837.02 

153869.52 
153295.22 
154420.46 
153823.56 
153824.66 
153769.39 

175848.57 
175192.81 
176478.51 

175734.83 
175646.34 
175796.53 

197827.07 
197089.60 
198536.00 
19.77'Q .. OJ 

197771. 34 
197699.63 

197459.20 

(:» 

Calculated + 
OUI.drUD,>].e shifts 

dev.) b 

21982.200(5) 
...".o.1o.J (1) 

0.517 (5) 
-1.034 (lO) 

43964.293(10) 
43799.974(5) 
44121.467 (5) 

65946.174(15) 
65699.739 (7) 
66181.971 (7) 
65926.127 (10) 
65926.207 (10) 

87927.736(19) 
87599.239 (9) 

. 88242.199(9) 
87901. 094 (13) 
87901.293(13) 
87870.058 (17) 
87870.058 (17) 

109908.871 (22) 
109498.384(11) 
110302.057 (11) 
109875.709(16) 
109876.108 (15) 
109836.955 (20) 

131889.474(24) 
131397.087(13) 
132361.456(13) 

152869.438(25) 
153295.259(16) 
154420.301 (16) 
153823.536 (24) 
153824.654 (23) 
153769.435(27) 

175848.657(26) 
175192.811(21) 
176478.503 (21) 
1757?O.24:l(JO) 

175734.852 (30) 
17.5646.340 (56) 
175796.573(30) 

197827.025 (26) 
197089.653 (27) 
198535.969(27) 
1?77GO.?OO(~O) 

197771.301 (39) 
197699.611 (34) 
197600.003 (63) 
197459.200(56) 

219804.434(25) 
21909S.700(:JS) 

220592.604 (35) 

241780.779(26) 
240880.861 (45) 
242648.320(45) 

160.749 (0) 
-0.637(8) 
-0.420(3) 
-0.276(3) 
0.055(1) 
0.200(3) 
0.913 (8) 

482.242 (1) 
-0.276 (3)' 
0.079 (1) 
0.276 (3) 

964.474(2) 
-0.276 (3) 
0.092(1) 
0.221 (2) 

1607.433(4) 
. -0.276 (3) 

0.100(1) 
0.197 (2) 

2411.106(6) 
-0.276(3) 

(1) 
6 

F'= 6 

F'= 

8 
F'= 9 

10 

1 ? 

F'=ll 
10 

9 

pl1= 

FIt= 

1 . 

F"= 

F"= 9 
10 

8 

1 10 

FII=11 
10 

9 

11 1 10 11 I 11 
F""'12 

11 
10 10 

12 1 11 12 1 12 
F'=13 F"=13 

12 12 

13 1 12 13 I 13 
F'=14 F"=14 

13 13 
12 12 

14 1 13 14 1 14 
F'=IS F"=15 

14 14 
13 13 

15. 1 14 15 1 15 
P'=16 

15 
14 

16 1 15 
F' =17 

16 
15 

17 1 16 
F'=18 

17 
16 

18 1 17 
F'~19 

18 
17 

l~ I HI 

F'=20 
19 
18 

20 1 19 
F'I -21 

20 
19 

21 1 20 
F'=22 

21 
2C 

36 1 36 
37 1 37 
39 0 39 

F"=16 
15 
14 

16 1 16 
F"=17 

16 
15 

1 7 1 ,7 
pl!= .8 

17 
16 

18 1 18 
F"=19 

18 
17 

19 1 19 
F"=20 

19 
18 

20 
19 

21 I 21 
F"e22 

21 
20 

37 0 37 
38 0 38 
38 1 38 

TABLE 7. Continued 

(2) 

8839.57 
8839.16" 
8839.57 

10607.04 
10606.63 
10607.04 

12535.01' 
12534.60 

14623.46 
14623.04 
14623.46 

16872.34 
16871.92 
16872.34 

19281.57 
19281.16 
19281. 57 

21851.16 
21850.77 
21851.16 

24580.97 
24580.52 
24580.97 

27471.05 
27470.64 
27471.05 

30521.25 
30520.93 
30521.25 

~)731. :I;) 

33731.11 
33731.53 

37101. 79 
37101. ,R 
37101.79 

33658.44 
8861.31 

16001.52 

(3 ) 
0.106 (1) 
0.184(2) 

3375.474(8) 
-0.276(3) 
0.110(1) 
0.176 (2) 

4500.517 (10) 
-0.276 (3) 

0.114( 1) 
0.170(2) 

5786.210(12) 
-0.276(3) 
0.116 (1) 
0.165 (2) 

7232.525(14) 
-0.276 (3) 

0.118 (1) 
0.162 (2) 

6639.'l'U(1t5.l 

0.120(1 ) 
-0.276 (3) 
0.160(1) 

10606.890 tl8) 
(L 1?1 (1) 

-0.276(3) 
0.158(1) 

12534.865(19) 
0.123 (I) 

-0.276 (3) 
0.156 (1) 

14623.314 (20) 
0.124 (1) 

-0.276 (3) 
0.154 (1) 

16872.189 (2"0) 
0.125 (1) 

-0.276 (3) 
0.153{1) 

19281.441(20) 

0.125 (1) 
-0.276 (3) 
0.152 (1) 

21851.019 (20) 
0.126( 1) 

-0.276 (3) 
0.151 (l) 

24580.863(19) 
0.127(1) 

-0.276 (3) 
0.150( 1) 

27470.912 (19) 
0.127 (1) 

-0.276(3) 
0.150(1) 

30521.103 (22) 
0.128 (1) 

-0.276(3) 
0.149 (1) 

33731. 369 (29) 
U.l:ll:l (1) 

-0.276 (3) 
0.149(1) 

37101.635 (39) 
0.129 (1) 

-o~ 276 (3) 

0.148(1) 

33658.455(50) 
8861.288 (32) 

16001 • 513 (? 1 ) 

.The estimated experimental uncertainty in the measured transitions 

are: for the microwave transitions quoted to two decimal places 

::; ± 0.100 MHz, for millimeter wave transitions above 37 GHz quoted 

to two decimal places < ± 0.150 MHz. 

b Note that one standard deviation is presented for the calCUlated 

uncerta;,nty. These values should be multiplied by a factor of 2 to 

obtain '" 95 % confidence leveL 

c The calculated h~perfine quadrupole shifts of all transitions of 

BN
13

C
16

0 agree .. i;O. within::; 6 kHz with those calculated for 
14 12 16 ..... . . 

H NCO quoted in Table 4. Since this difference lies well with-

in the accuracy 'of astronomical observations, quadrupole shifts' 

are reproduced for certain transitions only , where splittings 

have been observed in the laboratory. Otherwise the reader is re-

ferred to Table 4. 
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TABLE 8. The Microwave Spectrum of Isocyanic Acid TABLE 9. ' The Microwave Spectrum of Isocyariic Acid 

H15N12C160 (MHz) H14N12C180 (MHZ) 

(1) (2) () 

Transition Observed Calculated + , 
Observed J' K~ K~ J" K; K~ Est. Quadrupole shif':s Transition Calculated + Uncert. a (Standard dev.) b J' K' K' J" K" K" ~~~.!;t. a) Quadrupole shifts a c a c' 

(Standard Dev. )b 

1 0 1 0 0 0 20798.124 (2) 
Y'= 2 F"= 1 20798.03 -0.103 (1) 

21323.35 21323.341(20) 1 1 20798.64 0.515 (3) 0 0 0 0 
0 20797.11 -1.030(6) 

0 0 42646.563 (35) 2 0 1 0 1 41596.156 (5) 
1 1 42490.163(25) F': FIt= 41596.132 -0.044 (0) 
1 1 0 42794.889(25) 41596.725 0.618(4) 

41596.132 0.000(0) 

63969.549(38) 41595.142 -1.030(6) 0 0 
41596.725 0.515 (3) 1 1 63735.038{28) 

1 1 64 1 9 2 • 1 1 9 (28) 2 1 41449.341 (3) 
3 2 63947.377 (49) F' = F"= 2 41449.198 -0.137 (I) 
3. 2 0 63947.455(49) 2 0.374(2), 

41449.840 0.515 (3) 
0 0 85292.129 85292.189(30) -0.279 (3) 

1 84979.725 84979.670(23) 41448.666 -0.633 (5) 

1 ·85589.122 85589.097(23) 2 1 1 1 41736.643(3) 
2 85263.095 85262.932(37) Ft= F"= 41736.575 -0.113 (I) 
2 85263.095 85263.127(37) 0.038(2) 
3 85229.812 85229.807(39) 41737.193 0.515 (3) 

0.279(3) 
0 0 106614.42 106614.374(35) 

41735.763 -0.912 (5) 

1 1 106223.92 106223.986(24) 3 0 3 2 0 62393.997 62394.001 (/) 
4 1 106985.75 106985.748(24) F'= 4 F"= -0.025 (0) 
4 2 106578.32 106578.294(37) .2 0.000(0) 
3 2 106578.684(37) 1 0.103 (1) 

3 106536.66 106536.664(39) 3 1 3 2 1 2 62173.814(~) 
106459.960(1826) F'= F"= 3 62173.751 -0.062 (0) 

2 62173.927 0.129(1) 
0 1 152.365(0) '1 62173.751 -0.024(0) 
1 2 457.090(1) 

3 1 2 1 2 3 914.172(2) 62604.761(4) 
F'= F"= 62604.693 -0.049 (0) 3 4 1523.599(3) 

62604.872 ' 0.129 (1) 4 5 2285.361(4) 62604.693 -0.079(0) 
5 6 3199.443 (5) 
6 7 4265.824(7) 3 2 2 2 2 62376.189(10) 
7 8 5484.485(9) F'= F"~ 62376.095 -0.147 (1) 

B 9- 6855.403(10) 62376.750 0.515(3) 
10 9 10 '10 8378 .• 53 8378.547(11) 62375.710 -0.515 (3) 

11 10 11 11 , 10053.88 10053.889(13) 3 2 2 2 0 62376.257 (10) 12 11 12 12 11881.40 11881.396(14) FtI= F"= 3 62376.095 -0.147(1) 
13 12 13 13 13861.02 13861.028(14) 2 62376.750 0.515 (3) 
14 13 14 14 15992.74 15992.749(14) 62375.710 -0.515 (3) 
15 1 14 l~ 15 18276.54 18276.514 (14) 0 83191.568 83191.567 (9) 16 1 15 16 16 20712.25 20712.276(14) 1 82898.038 82898.052 (5) 17 1 16 17 17 23300.01 23299.988(13) 1 83472.641 83472.633(5) 18 1 17 18 18 26039.61 26039.595(13) 2 83167.895(12) 
19 1 18 19 19 28931.02 28031.042 (15) 2 8316 a . 06 7 (12 ) 
20 1 19 20 20 31974.31 31974.271 (20) 3 83140.275(14) 
21 1 20 21 21 35169.19 35169.218(27) 

J J u 83140.275(14) 
F'= F"= 4 83140.181 -0.149(1) 

3 83140.765 0.464(3) 37 1 37 38 0 38 29522.18 29522.181 (39) 2 83139.922 -0.386(2) 38 1 38 39 0 39 5452.468(55) 
40 0 40 39 1 3'9 18684.61 18684.609(39) 103988.774 103988.761 (10) 

103621.974 103621. 975 (7 \ 
104340.185 104340.179(7) 

The estimated experimental uncertainty in the measured 103959.293 103959.290 (14) 
3 2 103959.620 103959.639 (14) 

transitions are: for the microwave transitions quoted to 3 3 103924.895(16) 
2 4 3 103924.895 (16) two decimal places ::; ± 0.100 MHz, for millimeter wave F·= 6 F"= 103924.751 -0.085 (1) 

103925.01\7 O.:lJ:l(l) LCdnS~t~ons an'ove j I GHZ quotea to two aeCl.mal :places 103924.751 -0.163 (1) 5 4 , 4 4 103875.938 (20) < ± 0.150 MHz, and for those quoted to three decimal F'= 6 F"= 103875.730 -0.143 (1) 
places < + 0.030 MHZ. 5 103876.331 0.412 (3) 

4 103875.730 -0.309 (2) 
Note that> one standard deviation is presented for the ca I cu I ated 10 10 ?079"L1Q 207~(j!:i.'SIo3(14) 
uncerta i nty. These values should be multipl ied by a factor ot 2 to 

10 10 207233.95 207234.123 (19) 10 9 208670.16 208670.164 (19) obta i n 'V 95% cont i dence level. 10 9 207909.04 207909.050 (14) 10 a 207911.90 207911.879\14) 

J. Phys.Chem. Ref. Data, Vol. 5, No. I, 1976 
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TABLE 9 - Continued 
(1) (2) 

1 1 1 1 
F'= F"= 0 

2 
1 

2 1 1 2 1 2 
F' = 2 F" = 2 

3 
1 

3 1 3 1 
FI;:: F"= 

4 1 3 4 1 
FI= 4 F U = 

5 
3 

5 1 5 1 
F';;: FII;: 

6 1 
F'= F"= 

1 6 7 1 
F'= 7 Fit:;:;: 

8 

F I = 

9 1 a 
p '= 9 

10 
a 

10 1 
F' =10 

11 
9 

8 1 a 
F"= 8 

9 
7 

9 1 9 
F"= 9 

10 

10 1 10 
F"=10 

11 
9 

11 1 10 11 1 11 
F' =12 

11 
10 

F"=12 
11 
10 

12 1 11 12 1 12 
F"=13 F"=13 

1 ? 12 
11 11 

13 1 12 
p' =14 

13 
12 

13 1 13 
F"=14 

13 
12 

14 1 13 14 1 14 
F'=15 F""'15 

14 14 
13 13 

15 1 14 15 
p' =16 

15 15 
14 14 

16 1 15 16 1 16 
F'=!7 F"=17 

1 G j G 

15 15 

17 1 16 17 1 17 
F'=18 F"=18 

1 7 1 7 
16 16 

18 1 17 
F'=19 

18 
17 

1 it> 

F'=20 
19 
18 

20 1 19 
r' =21 

<!u 
19 

18 1 18 
F"=19 

18 
17 

1 10 

F"=20 
, 19 

18 

20 1 20 
F"=21 

<!o 
19 

21 1 20 21 21 
F' =22 

21 21 
20 20 

22 1 21 22 1 22 
F'=23 F""'23 

22 22 
21 21 

9479.12 
9478.71 
9479.12 

11202.11 
11201.69 
11202.11 

15078.32 
15077.91 
15078.32 

17231.4~ 

17231.04 

17321.45 

19527.87 

19527.87 

21967.58 
21967.15 
21967.58 

27276.46 

30145.62 
jOl<1~. ll;j 

30145.62 

33157.74 
33157.32 
33157.74 

36312.8t 
36312.41 
36312.B1 

(3 ) 

143.653(0) 
-0.633 (5) 
-0.421(2) 
-0.279(3) 
0.056 (1) 
0.197 (2) 

0.912 (5) 

430.956 (0) 
-0.279(3) 
0.080(1) 
0.279(3) 

861.901 (1) 
-0.279(1) 

0.093 (1) 
0.223(2) 

1436.482(1) 
-0.279(3) 
0.102(1) 
0.200(2) 

2154.688(2) 
-0.279(3) 
0.107(1) 
0.186 (2) 

3016. 50.1 ( 3) 
-0.279(3) 
0.112 (1) 
0.178 (2) 

4021.905(4) 
-0.279(3) 
0.115 (1) 

0.172 (2) 

5170.879(5) 
-0.279 (3) 
0.118(1 ) 
0.168 (2) 

6463.400(5) 
-0.279(3) 
0.120(1) 
0.164 (2) 

7899.442(6) 
-0.279 (3) 
0.121 (1) 
0.162 (2) 

9478.974(7) 
0.123(1) 

-0.279 (3) 
0.160(2) 

11201.963(8) 
0.124 (1) 

-0.279(3) 
0.158(2) 

13068.375(8) 
0.125 (1) 

-0.279(3) 
0.156 (2) 

15078.170(8) 
0.126( 1) 

-0.279(3) 
0.155 (2) 

17231. 307 (8) 
U.l Z1 (1) 

-0.279(3) 

0.154 (2) 

1952.7.742(8) 
0.128(1 ) 

- o. 279 (:J) 

0.153 (2) 

21967.425 (8) 
0.128(1) 

-0.279 (3) 
0.152 (2) 

24550.307 (7) 
0.129(1) 

-0.279 (3) 
0.152 (2) 

:l7:<76.3:iJ(7) 

0.129 (1) 
-0.279 (3) 
0.151 (2) 

30145.445(8) 
0.130(1 ) 

-0.l79 (3) 
0.150(2) 

33157.584(11) 
0.130(1) , 

-0.279(3) 
0.150(2) 

36312.684 (14) 
0.131 (1) 

-0.279(3) 
0.149 (2) 
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35 
37 
39 

(1) 

35 36 0 36 
37 38 0 38 

TABLE 9-Continued 
( 2) ( 3) 

39 40 0 40 
40 1 40 
41 1 41 
43 1 43 
44 1 44 

41 0 41 
42 0 42 
44 0 44 
45 0 45 

108908.082 
62311.483 
15475.45 

8030.85 
31595.01 
78894.446 

102628.354 

108908.092 (18) 
62311.474(11 ) 
15475.415 (11) 

8030.824 (11) 
31594.997(10) 
78894.452(11) 

102628.355(17) 

The estimated experimental uncertainty in the measured 

transitions a~e: ~or the· microwave transitions quoted 

to two decimal places 5 ± 0.100 MHz, for millimeter wave 

transitions above 37 GHz quoted to two decimal places 

< ± 0.150 MHz, and for those quoted to three decimal 

places < ± 0.030 MHz. 

b ' 
Note that one standard deviation is presented for the 

calculated uncertainty. These values should be multiplied 

by a factor of 2 to obtain'" 95 " confidence level. 

TABLE 10. Microwave transitions of H14N12c160 

in order of frequency 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
37 
12 
39 
13 
14 
15 
16 

1 
17 
18 
19 
20 
36 
21 
40 
L2 

2 

2 
23 
24 
25 
35 
41 

3 
3 
3 
3 
3 

34 
4 
4 
4 
4 
4 

4 
4 

42 
5 
!:> 

5 
5 
5 

Transition 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
37 
11 

o 39 
1 12 

13 
11 
15 

o 
1 16 
1 17 

18 

19 
36 
20 

o 40 
21 

2 
o 2 
1 1 
1 22 
1 23 
1 24 
1 35 
o 41 
1 3 
2 2 
2 
o 
1 
1 34 
1 4 
3 1 
3 2 
2 3 
2 2 
o 4 
1 3 
o 42 
1 5 
1,1 2 

4 1 
3 2 

3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
38 
12 
38 
13 
14 
15 
16 

o 
17 
18 
19 
20 
37 
21 
39 
22 

1 
1 
1 

23 
24 
25 
36 
40 

2 
2 
2 
2 
2 

35 
3 
3 
3 
3 
3 

3 
3 

41 
4 
4 

4 
4 
4 

1 
2 
3 
4 
5 
6 
7 

1 8 
1 9 

10 
11 

o 38 
1 12 
1 38 

13 
14 
15 
16 

o 0 
1 17 

18 
19 

20 
o 37 

21 
39 

1 .22 

1 1 
o 
1 0 
1 23 
1 24 
1 25 
o 36 
i 40 
1 2 
2 1 
2 0 
o 2 
1 1 
o 35 
1 3 
3 0 
3 1 
2 2 
2 1 
o 3 
1 2 
1 41 
1 4 
4 1 
4 0 
3 1 
3 2 

Frequency 
(MHz) 

160.434 
481.293 
962.576 

1604.270 
2406.361 
3368.830 
4491.659 
5774.822 
7218.291 
8822.034 

10586.015 
11191.630 
12510.196 
13665.987 
14594.535 
16838.985 
19213.496 
21808.016 
21981.574 
24532.487 
27416.848 
304(;1.03(; 
33664.981 
35983;693 
37028.612 
38588.383 
40551.853 
43799.019 
43963.042 
44119.879 
44234.625 
48076.844 
52078.422 
60709.448 
63574.773 
65698.308 
65924.118 
65924.199 
65944.298 
66179.590 
85368.158 
87597.333 
87867.280 
87867.280 
87898.416 
97999.620 
87925.238 
88239.027 
88624.352 

109496.007 
109778.700 
109778.700 
109833.489 
109833.489 
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TABLE IO-Continued TABLE IO-Continued 

2 4 4 2 3 109872.366 9 2 8 8 2 7 197762.928 
3 4 2 2 109872.773 9 2 7 8 6 197765.366 

0 5 4 0 4 109905.753 9 0 9 8 0 8 197821.469 

33 1 33 34 0 34 109959.100 9 1 8 8 1 7 198528.892 

5 1 4 4 1 3 110298.098 29 1 29 30 0 30 207631.365 

43 0 43 42 .1 42 113736.298 47 0 47 46 1 46 214790.761 

6 1 6 S 1 5 131394.241 10 1 10 9 1 9 218981.019 

6 5 2 5 5 131640.747 10 5 6 9 5 5 219392.437 

6 5 1 5 5 0 131640.747 10 5 5 9 5 4 219392.437 

6 4 2 5 4 1 131733.534 10 - 4 6 9 4 5 219547.105 

6 4 3 5 4 2 131733.534 10 4 7 9 4 6 219547.105 

6 3 3 5 3 2 131"799.292 10 8 9 3 7 219656.805 

6 3 4 5 3 3 131799.292 10 7 9 6 219656.805 

6 2 5 5 2 4 131845.880 10 9 9 2 8 219733.824 

6 2 4 5 2 3 131846.590 10 8 9 2 7 219737.175 

6 0 6 5 0 5 131885.740 10 0 10 9 0 9 219798.282 

6 1 5 5 1 4 132356.711 10 1 9 9 1 8 220584.762 

32 1 32 33 0 33 13448L571 28 1 28 29 0 29 231873.247 

44 0 44 43 1 43 138909.772 11 1 11 10 1 10 240875.735 
7 1 7 6 1 6 153291.946 11 3 9 10 3 8 241619.351 
7 5 3 6 5 2 153579.619 11 "3 8 10 3 7 241619.353 

5 2 6 5 1 153579.619 11 2 10 10 2 9 241703.846 
4 3 6 2 153687.873 11 2 9 10 2 8 241708.315 

7 4 4 6 3 153687.873 11 0 11 10 0 10 241774.037 

7 3 4 6 3 153764.606 11 1 10 10 1 9 242639.717 

7 3 5 6 3 4 153764.606 27 1 27 28 0 28 256043.392 
2 6 6 2 5 153818.869 12 1 12 11 1 11 262769.484 

7 5 6 4 153820.007 12 3 10 11 3 9 263581.003 

7 0 7 6 0 6 153865.092 12 3 9 11 3 8 263581.006 

7 1 6 6 1 5 154414.776 12 2 11 11 2 10 263672.909 

31 1. 31 32 0 32 158934.883 12 2 10 11 9 263678 . .117 

45 0 45 44 1- 44 164143.924 12 0 12 11 0 .11 263748.630 

8 1 8 7 1 175189.037 12 1 11 11 1 10 264693.665 

8 5 4 7 5 3 175517.913 26 1 26 27 0 27 280141.198 
8 5 3 7 5 2 175517.913 13 1 13 12 1 12 284662.177 
8 4 4 7 4 3 175641.637 13 3 11 12 3 10 285541.677 
8 4 5 7 4 4 175641.637 13 3 10 12 3 9 285541.681 
8 3 6 7 3 5 175729.350 13 12 12 11 285640.924 
8 3 5 3 4 175729.351 13 11 12 10 285648.316 
8 2 7 2 6 175791.248 13 0 13 12 0 12 285721.952 
8 2 6 7 2 5 *792.954 13 1 12 12 1 11 286746.515 
8 0 8 -7 0 7 1 ~843. 703 1 1 0 1 0 .1 901799.903(0.135) 
8 1 7 7 1 6 17'472.199 2 1 2 0 2 901956.740(6.133) 

30 30 31 0 31 183319."365 3 2 3 0 3 902192.032(0.131) 
46 0 46 45 j 45 189437.882 4 3 4 0 4 902505.82110~128) 

9 1 9 8 .1 8 197085.424 5 4 5 0 5 902898.166(O.125} 
9 5 5 0 !:i 4 ~97455.547 6 5 6 U 6 ~03369.137{0.121) 

9 5 4 8 5 3 197455.547 7 6 7 0 7 903918.B20{O.116} 
9 4 5 8 4 4 197594.741 8 7 8 0 a 904547.316(0.111) 
9 4 6 8 4 5 197594.741 9 8 9 0 9 905254.739(0.105) 
9 3 7 8 3 6 197693.444 10 9 10 0 10 906041.219(0.099) 
9 (j 8 3 5 197693.444 
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